Background: Juvenile idiopathic arthritis (JIA) is a rare disease that is not widely known by paediatricians and general practitioner (GP) leading to diagnostic error and delayed care provision. We aimed to analyse patient's journey and time to diagnosis of JIA (delay from the first symptom to the diagnosis of JIA). We performed a retrospective cohort study of 67 patients diagnosed with JIA and seen in the paediatric rheumatology department of the Kremlin Bicêtre Hospital, between July 2002 and January 2015. Patients were selected for analysis in order to represent an equal distribution of five JIA subtypes: oligoarticular onset (21), polyarticular onset (13), enthesitis-related arthritis (17), and systemic onset (16). Results: Sixty-seven patients were finally analysed (42 girls). Before JIA diagnosis was made, patients had visited a mean of three physicians (3.6 ± 1.4 (mean; SD)). Emergency room physicians (52%) were the first patient's referral before GP (42%). Paediatric rheumatologists were mostly seen as third referral (52% versus 3% at first referral). Reactive arthritis (34%) and septic arthritis (24%) represented both the most common initial diagnosis. JIA was suspected after an average median time delay of 3 months (0.26-81.2) except for 25 patients (37%): SJIA (n = 9), ERA (n = 7), OAJIA (3) and POJIA (n = 6) for whom diagnosis was suspected straightaway. In most cases (88%), JIA was established by paediatric rheumatologists. Surprisingly, the median total time to diagnosis in our population was rather short (3 months). Paediatric rheumatologist played a major role in making the diagnosis but the journey to reach them was long and complex with multiple referrals. These results reinforce the necessity of improving GP and emergency physician's awareness and education on paediatric rheumatic diseases as the importance of a strong network in paediatric rheumatology to improve patient's level of care. Conclusion: We highlighted the complex patient's journey to diagnosis in children with JIA and made assumptions that reference center might reduce time to diagnosis although not statically proven. Further analysis with a larger number of patients might be needed to better investigate this probability.
Background
Juvenile idiopathic arthritis, JIA, is the most frequent cause of inflammatory arthritis in children before 16 years. Even if considered a rare disease, it's estimated incidence rate is different around the world with low incidence in Asian population and relatively higher incidence in those of European descent (0.83 per 100,000 children in Japan to 23 per 100,000 in Norway per year) [1, 2] . Only few surveys have assessed epidemiology of JIA in France but nothing is known on patient's journey to accurate diagnosis and care. JIA is currently classified into seven subtypes according to the Edmonton consensus meeting 2001 [3] . Even if paediatric rheumatology is still considered a young subspecialty in many countries, the standards of medical education and patient's care have considerably evolved with time [4] . In contrast to that, the academic recognition of this subspecialty and the opportunities to get appropriate medical education remain clearly insufficient in many European countries. Indeed, until the early years 2000, the whole paediatric rheumatology expertise represented a maximum of five centres in France. At the same time, in other European countries and in the United states, the evolution of concepts and the use of biological treatments had considerably modified the patient's care toward highly specialized multidisciplinary paediatric rheumatology teams [5, 6] . In 2004, the French health minister initiated a national campaign for rare diseases that has dramatically changed the recognition of paediatric rheumatology. Indeed, this campaign lead to the labelling of two reference centres in 2006 and 2007 with a network of 18 competence centres throughout the national territory [7] . We can hypothesise that this new organization has increased the quality of care for patients with rheumatic diseases, with a growing number of opportunities for young paediatricians to access accurate medical education in paediatric rheumatology. Despite this new organisation, paediatricians and general practitioner (GP) have insufficient knowledge regarding rheumatic diseases and paediatric musculoskeletal clinical examination [8] probably leading to an underestimation of the actual number of JIA patients in France. As joint symptoms are the most common initial complaints at disease onset, we hypothesized that the lack of knowledge underlies diagnostic error -a great source of suffering for patients and their families -and delayed care provision. To better assess the remaining unmet needs in our country, we aimed to analyse patient's journey and time to diagnosis of JIA.
Methods
We performed a retrospective cohort study of patients diagnosed with JIA according to the ILAR criteria and seen in the paediatric rheumatology center of Kremlin Bicêtre, a single tertiary and reference center for paediatric rheumatology in France, between July 2002 and January 2015. Patients were randomly selected for analysis and classified in five JIA subtypes: e.g. oligoarticular onset (OAJIA), oligo-onset (persistent and extended) polyarticular onset (POJIA) (rheumatoid factor (RF) positive and negative), enthesitis-related arthritis (ERA), and systemic onset (SoJIA). In addition, sufficient information on patient's journey to diagnosis and care was required.
We collected demographic clinical and biological information (C-reactive protein level, erythrocyte sedimentation rate, antinuclear antibodies (ANA), RF and HLA-B27) where available. We recorded also all major medical investigations and referrals, treatments and differential diagnoses made before diagnosis confirmation. The time to diagnosis was defined as the delay from the first symptom to the diagnosis of JIA. According to our national regulations, no IRB approval was required.
The cohort's characteristics, time to diagnosis, and other variables were analysed using descriptive statistics. Total time to diagnosis was secondarily adjusted on sex, age and number of symptoms at disease onset, type of JIA, first referral physician consulted and the distance between home and reference center using a multivariate logistic regression.
Results

All patients
Sixty-seven patients were finally analysed (25 boys; M/F SR: 0.6): 21 were diagnosed with OAJIA, 16 with SoJIA, 17 with ERA and 13 with POJIA. Mean age at disease onset was of 6.4 ± 4.6 years (mean; SD) (0.5-15.6). The whole population characteristics are summarized in Table 1 .
The most common symptoms that led to seek medical attention at disease onset, were arthralgia (39%), arthritis (25%), and fever (18%) followed by skin rash (8%), limping (9%), abdominal pain (1.3%), and uveitis (1.3%). Before JIA diagnosis was made, patients had visited a mean of three physicians (3.6 ± 1.4 (mean; SD)). Emergency room physicians (52%) were the first patient's referral before the general practitioner (42%) (Fig. 1 ). Reactive arthritis (34%) and septic arthritis (24%) represented both the most common initial diagnosis. Fifty-two patients (78%) underwent radiological exams, in which X-rays (49%) and articular ultrasounds (36%). Twelve patients (17%) had joint fluid aspiration. Nineteen patients (28%) received antibiotics; mostly amoxicillin plus clavulanic acid (13.4%). JIA was suspected after an average median time delay of 3 months (0.26-81.2) except for 25 patients (37%): SJIA (n = 9), ERA (n = 7), OAJIA (3) and POJIA (n = 6) for whom diagnosis was suspected straightaway (Fig. 2) . In most cases (88%), JIA was established by paediatric rheumatologists.
Systemic onset JIA
Sixteen patients had SoJIA (9 boys; M/F SR: 1.28). Age at disease onset was of 6.4 ± 2.5 years (mean; SD) (0.4-15.2) and initial symptoms included fever 81%, skin rash 37.5%, and arthralgia 31% (Fig. 3) . At first referral, the most frequently consulted physicians were GP's (56%) and emergency department physicians (37%) with a mean of 1.6 hospitalizations. SoJIA was diagnosed out of hand in 43.7% of cases. Different diagnoses were discussed before JIA was diagnosed such as: reactive arthritis (31%), septic arthritis (12.5%) and osteomyelitis (12.5%). X-rays were performed in half cases, joint ultrasounds in 31% of cases and bone scintigraphy in 25% of cases. Fifty-six per cent of patients received antibiotics. Paediatric rheumatologists made the diagnosis of SoJIA in 87.5% of cases and within a median period of 1.3 months (0.3-9).
Oligoarthritis onset JIA Twenty-one patients (6 boys; M/F SR: 0.4) started their disease at 3.6 ± 2.9 years (mean; SD) (1.08-11.6). Arthritis (62%) and arthralgia (24%) were the main presenting symptoms (Fig. 3) . Emergency physicians (71%) were the most consulted at first referral and patients had a mean of 0.7 hospitalizations. Septic arthritis (52%) and reactive arthritis (43%) were initially diagnosed although no patients presented with fever. JIA was initially suspected in three patients (14%). X-rays were performed in 67% and joint ultrasound in 57%. Patients had received antibiotics in 38% of cases even in patients without evidence of bacterial infection at joint aspiration fluid analysis (38%). OAJIA patients were the most investigated due to monoarticular presentation (57% of monoarthritis) at disease onset. Orthopaedics cares (25%) were therefore provided leading to hospitalisation (67%), arthrocentesis (38%) performed, in most cases, under general anaesthetic due to age, arthrotomy (5%) and arthroscopic synovectomy (5%). JIA diagnosis was made by paediatric rheumatologist in 76% of cases with a median delay of 3 months (0.5-28).
Polyarthritis onset JIA
Thirteen patients (5 boys; M/F SR: 0.6), started their disease at 5.7 ± 4.2 years (mean; SD) (0.9-13). Arthralgia (77%) and arthritis (15.4%) were the main presenting symptoms (Fig. 3) . JIA was suspected at first referral to a physician in most cases (46%). GP and emergency physicians were the first consulted physicians with a mean of 0.7 hospitalisations. X-rays were performed in 54% of cases and joint ultrasound in 15% of cases. In some cases, (31%), patients had received prior antibiotics. Paediatric rheumatologist made the diagnosis in 92% of cases, within a median delay of 2.5 months (0.5-81.2).
ERA onset JIA
Seventeen patients (9 boys; M/F SR: 1.1) started their disease at 10.4 ± 4.2 years (mean; SD) (1.5-15.6). Initial symptoms were mostly arthralgia (59%), arthritis (17.6%) and limping (17,6%) (Fig. 3) . Septic and reactive arthritis were the two most frequent initially suspected diagnoses. Among reactive arthritis, 23.5% of patients were first diagnosed with transient hip synovitis. As in other JIA subgroups, emergency physicians (53%) and GP (35%) were the first referrals. JIA ERA patients had more radiological exams (82%), such as MRI (41%) and joint ultrasound (29%). Unlike in other JIA subtype, JIA ERA patients were exclusively diagnosed by paediatric rheumatologist within a median delay of 5.5 months (1-29) after a mean of 0,6 hospitalisations.
Discussion
This study analyses a representative cohort of JIA patients affected by four main JIA subtypes [9] . Surprisingly, the median total time to diagnosis in our population was rather short (3 months) considering that JIA is characterized by arthritis persisting for more than six weeks. No factors influencing diagnosis delay were shown in multivariate analysis probably due to a too small population. Children with systemic-onset JIA had the shortest delay to diagnosis. Indeed, i.e. prolonged fever associated to intense constitutional symptoms, generally lead to hospitalization and accelerated paediatric rheumatology referral. As expected, JIA juvenile idiopathic arthritis, F female, M male, JIA juvenile idiopathic arthritis, ANA Antinuclear antibody, RF Rheumatoid factor Fig. 1 Graph representing the different physicians seen at first, second and third referral total time to diagnosis of ERA was the longest and paediatric rheumatologists made the diagnosis in all cases. Indeed, making a relationship between back pain and possible inflammatory arthritis as well as recognizing enthesitis requires appropriate specialized referral. In Weiss and al. study, 66% of JIA patients had tender entheses with a median number of 2 tender entheses at initial evaluation. Enthesitis were more often symmetrical and affected mostly the patellar ligament insertion, the plantar fascial insertion at the calcaneus, the Achilles tendon insertion at the calcaneus and the plantar fascial insertion at the metatarsal heads [10] . In addition, GP or general paediatrician almost always consider inflammatory hip pain in children as transient synovitis, even though this diagnosis should remain of exclusion and limited to younger patients (mean 5.6 years old; rage: 1-13) [11] . In Rostom's study, hip arthritis was described in 40 out of 121 JIA patients (33%) especially in ERA and polyarticular JIA. Hip pain appeared at an average age of 24 ± 10 years (3-46 years) in Rostom and al.'s study [12] and at a mean age of 10 ± 4 years in our JIA cohort. Paediatric rheumatologist played a major role in making the diagnosis but the journey to reach them was long (6 months on average) and complex with multiple referrals (99%), unjustified diagnostic procedures and inappropriate diagnoses [13, 14] . Similar observations were reported by Feder and al. [13] . In the absence of trauma or sepsis, JIA is the most likely diagnosis in a child presenting with a monoarthritis, and arthroscopy and synovial biopsy are rarely warranted [13] . Imaging such as computerized tomography and isotope bone scans incur considerable radiation exposure; magnetic resonance imaging and ultrasound are often used but the diagnosis of JIA can usually be made without these tests. In addition to multiple investigations, patient received multiple courses of medication namely antibiotics. Diagnostic criteria for septic arthritis (SA) should be strictly abided by clinical and biological features such as: weight-bearing status, CRP >20 mg/L [15] and joint aspiration bacteriological results, to minimize needless antibiotic. In our study, all patients with joint aspiration were treated with antibiotics for a period of 4 to 6 weeks although no sign of infection were found. This attitude is unfortunate knowing how the misuse of antibiotic can be damaging. Some studies suggest that environmental factors impacting the composition of the microbiota, such as delivery mode and early exposure to antibiotics, affect the risk of chronic inflammatory diseases including JIA [16, 17] . For all these reasons, our study reinforces the necessity of improving GP and emergency physician's awareness and education on paediatric rheumatic diseases [8, 18] . In addition, the complexity of JIA patient's journey to accurate diagnosis and care allows us to highlight the importance of a strong network in paediatric rheumatology to improve patient's level of care. At the European level, strong networks have been created in the past few years in order to support recommendations of care, research and patient's education of paediatric [4, 5] .
Our study represents a first attempt to determine the level of wandering in JIA diagnosis in a country which has been the first to increase the visibility of care for rare diseases by creating reference centres. Although the distance between home and the reference center was not found to correlate with time to diagnosis, we made assumptions that it could be one reason for rather earlier referral than previously reported in other Western countries; indeed, three-fourths of patients referred to us for JIA are living in Paris and the "Ile de France" region. An analysis with larger number of patients might be needed to better investigate this probability. Nevertheless, other factors could play a key role in reducing time to diagnosis such as elevated ESR, type of JIA and presence of enthesitis. Larger studies are needed to evaluate these parameters. However, the apparent limited median delay to diagnosis observed herein must be dampened by the wide ranges, up to 86 months in POJIA. In addition, part of the collection of data was retrospective including somewhat recall biases.
Conclusion
In conclusion, we have highlighted the complex patient's journey to diagnosis in JIA, possibly improved by our reference center effect although no significant correlation was found. The limited number of patients presented calls for a nationwide survey. 
